Background Diagonal earlobe crease (ELC) have been proposed as a marker of generalized atherosclerosis, so in the present study it was investigated whether individuals with ELC have a shortened telomere, which correlates with an accelerated cell turnover and premature aging, leading to atherosclerosis.
elomeres are the extreme ends of chromosomal DNA, made up of a large number of tandem repeats of the sequence TTAGGG. 1 Telomeres shorten during the replication of somatic cells, ultimately leading to senescence with progressing biological age. 2 The telomere length in white blood cells (WBCs) reflects the cumulative burden of oxidative stress and inflammation in the circulation during an individual's lifetime 3 and has been reported to be a useful marker of biological aging of the cardiovascular system. 4, 5 Telomere length has been observed to decrease with increases in cardiovascular risk factors such as hypertension, hyperlipidemia, diabetes, obesity and cigarette smoking. 6 We recently showed that the shortening of the telomeres in peripheral leukocytes was accelerated with advancing age 7 and it was also observed in patients with sarcoidosis 8 and Parkinson's disease 9 in the Japanese population.
Since 1973, many studies have demonstrated a correlation between diagonal earlobe crease (ELC) and coronary artery disease (CAD). [10] [11] [12] [13] [14] Moreover, ELC has also been found to be a marker not only of CAD, but also of generalized atherosclerosis. 15, 16 However, the lack of a theoretical foundation for a causal relationship between ELC and atherosclerosis inhibits the clinical value. In previous studies, elastic degeneration of connective tissue and, in a few cases, vascular sclerosis have been observed, leading to speculation regarding premature aging of connective tissue in general as a cause of the correlation between ELC and arteriosclerosis. 12 To investigate whether patients with ELC have shortened telomeres in comparison to age-and risk-factor-matched subjects without ELC, we studied the telomere length of peripheral blood cells in male Japanese patients with metabolic syndrome (MetS), which is a cluster of glucose intolerance, hypertension and dyslipidemia with visceral fat accumulation, and those with the condition have more prevalent cardiovascular disease or are at greater risk of developing it. 17 Furthermore, this study is the first to investigate the relationship between bilateral ELC and atherosclerotic cardiovascular diseases (AVD) in patients with MetS. Besides the prevalence of AVD, we examined the brachial -ankle pulse wave velocity (ba-PWV), ankle brachial index (ABI) and intima -media thickness (IMT) of the common carotid artery as physiological markers of arterial stiffness and atherosclerosis. 18, 19 
Methods

Study Patients
Male MetS patients less than 70 years of age with (n=17) and without ELC (n=17) were chosen from patients who were admitted for coronary angiography and were being followed up for treatment of cardiovascular risk factors and for already known AVD. We recruited patients less than 70 years of age because the association between ELC and CAD is ambiguous for patients older than this. 13 Patients who had evidence of myocardial ischemia or infarction or had a clear medical history of AVD were classified as the AVD group (n=18) in which the patients were all angiographically diagnosed: 14 patients with CAD, 3 with peripheral arterial disease, and 1 with an abdominal aortic aneurysm. Coronary angiography was judged abnormal if there was >75% luminal narrowing in the coronary vessels. The patients who underwent coronary angiography were further classified according to the number of diseased arteries showing >75% narrowing: 0-vessel disease (VD, n=5), 1-VD (n=5) and 2-or 3-VD (≥2 VD, n=9), in order to quantify the extent of atherosclerotic involvement of the coronary arteries. In the non-AVD group (n=16), if the resting electrocardiogram (ECG) was normal and the patient did not have any suggestion, sign, or symptoms of AVD, further cardiovascular evaluation was not performed except in patients with diabetes mellitus (DM). In order to rule out silent myocardial ischemia, an exercise ECG was performed in those patients and in the patient who showed a positive result 1-VD CAD was diagnosed by angiography.
DNA samples were taken from peripheral blood samples taken from the patients using 10-ml Vacutainer tubes containing EDTA/heparinized syringes. Written informed consent was given by all patients, and the study was approved by the Conjoint Health Research Ethics Board of Kyushu University.
Grading of ELC
In each ear, 2 points were given for a deep, clear-cut ELC that extended entirely across the earlobe, 1 point for an ELC that was noted as superficial or did not extend all the way across the earlobe, and 0 for ears in which an ELC was not observed. The ELC score in each case represented the total points for both ears. 15 Bilateral ELC in the present study was defined as a score ≥3.
The appearance of an ELC can change markedly when a subject goes from an upright to a supine position, so each individual was examined while upright. 13 The earlobes were digitally photographed for later independent assessment by two of the authors (Y. H., T. M.).
Definition of MetS
MetS was defined according to the 2005 guidelines of the Japanese Society of Internal Medicine. 20 According to the Japanese guidelines, which are similar to the International Diabetes Federation criteria, 21 subjects with MetS must have abdominal obesity (defined as waist circumference ≥85 cm in men or ≥90 cm in women) plus any 2 of the following 3 factors: (1) dyslipidemia: hypertriglyceridemia (serum triglyceride concentration ≥150 mg/dl [1.69 mmol/L]) and/ or low high-density lipoprotein-cholesterol (HDL-C serum concentration ≤40 mg/dl [1.04 mmol/L]); (2) hypertension: systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg; (3) high fasting glucose: serum glucose concentration ≥110 mg/dl (6.1 mmol/L).
Measurement of the Terminal Restriction Fragment (TRF) Length
Telomere detection was performed as previously described. 2, 22, 23 Briefly, blood cell DNA was extracted from peripheral blood cells using PureGene DNA Extraction Kits (Gentra Systems, Minneapolis, MN, USA), and the quality was assessed by agarose gel electrophoresis. Aliquots of DNA (1 μg) were digested at 37°C with 3 U MspI for 2 h. The digests (20 μl) were loaded onto a 0.8% agarose gel (BioRad, Hercules, CA, USA) and resolved by electrophoresis at 100 V for 30 min. After electrophoresis, the gels were examined by ethidium bromide staining and photographed with a P/N Polaroid film, and then the samples were denatured, neutralized, and transferred by Southern blotting to a positively charged nylon membrane (Roche Diagnostics, Mannheim, Germany). The transfer was done overnight at room temperature using 20 × SSC. The DNA was crosslinked to the nylon membrane using a UV Stratalinker (TM 2400; Stratagene, La Jolla, CA, USA). The blotted DNA fragments were hybridized to a 500-bp-long (TTAGGG)n digoxigenin-labeled probe specific for telomeric repeats. Hybridization was carried out at 42°C overnight in a Technehybridizer HB-1D, and the samples were washed as recommended by the manufacturer. The membrane was then incubated with anti-digoxigenin-AP-specific antibody. The telomere probe was visualized by CSPD (C18H20ClO7PNa2) (Boehringer Mannheim GmbH, Mannheim, Germany). The membrane was then exposed to Fuji XR film with an intensifying screen. The smears of the autoradiogram were captured on an Image Master 2D Platinum (GE Healthcare UK Ltd, Little Chalfont, UK), and the telomere length was assessed quantitatively. The mean TRF was estimated using the formula: ∑(ODi -background)/∑(ODi -background/Li) 24 with the mean data from the duplicate runs, where ODi is the chemiluminescent signal and Li is the length of the TRF 
Measurement of Aortic Pulse Wave Velocity (PWV)
The ba-PWV and ABI were measured using a volumeplethysmograph (form PWV/ABI version-112; Colin Co Ltd, Komaki, Japan), which records PWV, ABI, blood pressure, ECG and heart sounds simultaneously. A detailed description of the measurements, including validity and reproducibility, is provided elsewhere. 18 Briefly, after an overnight fast, the subjects were examined in the supine position, with ECG electrodes placed on both wrists, a microphone for detecting heart sounds placed on the left edge of the sternum, and cuffs wrapped around both of the brachia and ankles. The characteristic points of the waveforms were determined automatically, and the results were then printed out. The mean ba-PWV and ABI values measured on either side of each patient were used for the analysis.
Carotid B-Mode Ultrasound
Carotid sonography was performed with high-resolution B-mode scanning equipment (ViVid7 GE Healthcare, Milwaukee, WI, USA) with a sector scanner probe that had a bandwidth of 4.0-10.0 MHz. The IMT of the common carotid artery was measured in plaque-free segments as the distance from the leading edge of the first echogenic line to that of the second echogenic line. The mean of IMT in the plaque-free segments of both common carotid arteries was used for the analysis. 19 
Statistical Analysis
Student's t-test was used to compare continuous variables. The distribution of categorical variables was compared with the chi square ( χ2 ) test. Correlations were investigated by Spearman's correlation analysis. Either 1-way analysis of variance (ANOVA) followed by Tukey test or the Kruskal-Wallis test was appropriately used to examine the differences among subgroups. The results were presented as the mean ± standard deviation. The analysis was performed using the SPSS software program for Windows (version 11.5; Chicago, IL, USA). A value of P<0.05 was considered to be significant. Table 1 summarizes the population characteristics of the MetS patients with (ELC group, n=17) and without ELC (non-ELC group, n=17). The patients ages ranged similarly in both groups from 51 to 69 years; and the mean age was 62.5±4.8 years in the ELC group and 60.1±4.9 years in the non-ELC group (P>0.05). No subjects under the age of 50 were observed to have ELC. The characteristics of the study participants were comparable between both groups with regard to the criteria for the diagnosis of MetS: waist circumference, systolic and diastolic blood pressures, and serum concentrations of glucose, triglyceride and HDL-C. Other risk factors for cardiovascular atherosclerosis, such as hypertension, dyslipidemia, DM, obesity and smoking status, were not significantly different between the groups. The duration of DM did not differ significantly between the groups. There was a similar frequency of using medications for hypertension, dyslipidemia and DM between the groups. Almost all hypolypidemic drugs used were statins, except for 1 patient in the non-ELC group who used bezafibrate.
Results
As shown in Fig 2, the length of the TRF in the peripheral blood cells from the ELC group was 7.6±1.1 kbp compared with 8.6±1.2 kbp from the non-ELC group, and the ELC group had a significantly shorter TRF length (944 bp less on average) than the non-ELC group (P=0.027). The telomere attrition rate could not be determined in this study because of the small sample size and narrow range of ages. However, based on our previously reported rate of telomere attrition in the peripheral blood cells of healthy Japanese men (103 bp/year), 7 a difference of 944 bp shorter could account for approximately 9 years of shortened life.
AVD was demonstrated in 13 of 17 (76.5%) patients in the ELC group (the positive predictive value of ELC) and in 5 of 17 (29.4%) in the non-ELC group (the difference was significant at P<0.05); therefore, the predictive value of the absence of ELC (the negative predictive value) was 70.6%. The sensitivity and specificity of ELC for the diagnosis of AVD were 72.2% and 75.0%, respectively. According to the correlation analysis, there was a significant correlation between ELC, TRF length and the presence of AVD. ELC positively correlated with AVD (r=0.359, P=0.037). In contrast, ELC was negatively correlated with the TRF length (r=-0.377, P=0.028). However, no significant correlation was observed between ELC and the other anthropometric and biological parameters listed in Table 1 (data not shown). In addition to the simple correlation analysis, we computed partial correlation coefficients controlling for the TRF length between ELC and AVD. After controlling for the TRF length, there was no significant correlation between ELC and AVD (r=0.299, P=0.09). Our findings suggest that the association between ELC and AVD could be a spurious correlation mediated by the TRF length. A spurious correlation between 2 variables is defined as that which could occur in the absence of any real organic link between the variables. 25 The ELC group tended to show an increase in ba-PWV in comparison with the non-ELC group (1,793±286 vs 1,613± 337 cm/s, respectively), but there was no statistically significant difference between groups (P>0.05). The ABI and IMT were comparable between the groups ( Table 1) .
To investigate the association of TRF length and the extent of coronary artery luminal narrowing, the patients who underwent coronary angiography were classified 0-, 1-and ≥2-VD. As shown in Fig 3A, the TRF length in the patient with 1-or ≥2-VD was shorter in comparison with the patient with 0-VD, and the difference was statistically significant (P<0.01). However, there was no statistically significant difference of TRF length between 1-VD and ≥2-VD (P>0.05). To investigate the association of the degree of ELC and the extent of coronary artery luminal narrowing, ELC was graded and defined to range from a score of 0-4. As shown in Fig 3B, there was a trend toward an increase in ELC score with more severe CAD; however, there was no statistically significant difference among the subgroups.
Discussion
We demonstrated a shorter telomere length in the MetS patients with ELC than in those without ELC, and a significant correlation between ELC and AVD in MetS patients aged less than 70 years of age. It has been reported that patients with CAD have a shorter WBC telomere length 26 and that the shortening of telomeres in the WBC correlates with the degree of cardiovascular damage. 4 The pathogenic significance of telomere shortening in the WBC in the mechanism of atherosclerosis remains uncertain. A possible explanation is that oxidative stress, by enhancing telomere erosion per replication, and inflammation, through increasing WBC turnover, are responsible for the increase in telomere erosion in the WBC. 27 Both inflammation and oxidative stress are central to the pathology of age-related cardiovascular disorders such as atherosclerosis and arterial stiffness. 28 Taken together, it is very probable that the high prevalence of AVD in the patients with ELC contributed to telomere shortening in the peripheral blood cells. However, it is unknown whether ELC are linked to telomere shortening through a common genetic factor. Telomere length might be determined genetically because it is highly heritable. 29 Further studies are needed to ascertain whether telomere shortening is the common genetic background of ELC and generalized atherosclerosis.
In the present study, the mean difference in the TRF length between patients with and without ELC was 944 bp. Based on our previously published data, 7 the telomere attrition rate in peripheral blood cells was 103 bp/year in healthy Japanese men. Therefore, the observed difference between patients with and without ELC corresponds to a higher biological age of approximately 9 years. This observation is supported by a prospective observational study by Elliott and Karrison, which demonstrated that ELC are associated with an increased all-cause and cardiac morbidity and mortality. 30 According to the study, the 9-year survival rates for hospitalized patients who had CAD at enrollment were (estimated rate ± standard error) 29±9% (with ELC) and 56±10% (without ELC). 30 In the present study, the sensitivity, specificity and positive predictive value of ELC for diagnosis of AVD were 72.2%, 75.0% and 76.5%, respectively. In the study by Kuri et al the sensitivity, specificity and positive predictive value were 77.0%, 84.8% and 30.3%, respectively, in the preoperative assessment of patients undergoing elective surgery, ranging in age from 50 to 69 years. 31 Two other clinical studies of selected populations undergoing coronary angiography have demonstrated that the sensitivity of ELC is 51.3-59.5%, the specificity 81.9-84.8% and the positive predictive value 89.4-91.1%. 14, 32 However, those reports cannot be adequately compared because of differences in race, age, gender, definition of ELC or disease status among the populations studied. Our data are in good agreement with those of Samani et al who were the first to discover the telomere shortening in leukocytes of patients with CAD. 26 To our knowledge, the relationship between telomere length and the severity of coronary atherosclerosis has not been reported. In the present study, no significant difference in the TRF length was observed between patients with 1-VD and those with multivessel disease (≥2-VD). These findings suggest that the TRF length in WBC may be a poor predictive biomarker for the severity of coronary atherosclerosis.
Prior studies reported that the degree of ELC was related to the extent of coronary atherosclerosis, 13, 15 and in the present study, the total ELC score tended to increase with the number of affected coronary vessels; however, the difference among the subgroups did not reach a statistically significant level. These associations or tendencies are not statistically significant because, at least in part, of the small sample size in this study. Further large population study is needed to elucidate the association of the degree of ELC, TRF length and the extent of coronary artery luminal narrowing.
The ba-PWV has been shown to be a marker of the risk of CAD 33 and for the extent of coronary atherosclerosis, 34 However, we did not find any statistically significant difference between the ELC and non-ELC groups for ba-PWV. Our results may be partly explained by the findings reported by Koji et al, who demonstrated that ba-PWV values were comparable between groups with and without CAD among subjects with MetS, 35 which suggests that the ELC might directly associate with significant atherosclerotic stenosis of the coronary artery independent of its promoting the development of coronary atherosclerosis by increasing arterial stiffness. The present results should be confirmed using a more robust marker of central arterial stiffness, such as the carotid -femoral PWV or augmentation index. 33 In addition to the ba-PWV, the other atherosclerotic markers (ie, IMT and ABI) were comparable between the groups. From these results, we suggest that the presence of ELC, a telomere attrition state, is not associated with carotid atherosclerosis, ba-PWV, or ABI in male Japanese MetS patients.
Study Limitations
Angiography was only performed in 31.3% of the non-AVD group. Although the patients in the non-AVD group were free of symptoms and showed normal ECG results at the time they entered the study, there was no definite angiographic proof of the absence of coronary or aortic atherosclerosis. This limitation may have led to an underestimation of the number of patients with AVD. Moreover, in clinical cardiology studies such as the present study, in which the prevalence of CAD is definitely higher because of selection bias, subject selection biases usually occur, as only subjects suspected of having coronary heart disease are investigated, which could have affected the accuracy of the estimated predictive values. Finally, our study population was small, so this study might only be considered a preliminary study.
MetS, a cluster of cardiovascular risk factors, is a common health problem in industrialized countries and its management is a major target for the prevention of AVD. The present study is the first report demonstrating an association between ELC and AVD in MetS patients. Checking ELC in MetS patients could be a useful and cost-free method of identifying high-risk patients in routine clinical practice. We propose that MetS patients with ELC be strongly cautioned to control or reduce other cardiac risk factors in order to prevent future cardiovascular events. In a recent study, Brouilette et al reported that the increased risk of coronary heart disease in patients with shorter telomeres was attenuated by pravastatin treatment. 36 Thus, we speculate that early statin treatment for MetS patients with ELC might prevent AVD. Although this was a small pilot study, the findings could be relevant to the pathogenesis of the association between ELC and atherosclerosis. Further largescale studies are needed to clarify the causative links among telomere attrition, ELC and atherosclerosis.
